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Abstract 
The release of domestic greywater from various sources can cause contamination of water bodies. In this study, a 
pretreatment system and mini wetland were constructed at village dwelling for greywater treatment. The main purpose of 
this study was to investigate the greywater loading characteristics, provide appropriate on site mini wetland and to 
measure the effectiveness of the wetland treatment system. The greywater samples were collected from the effluent of 
single house, at influent, pre-treatment model (particle material), mini wetland model (plant tube sedge Lepironia 
Articulata), and control model (without plant) at two sampling period. The mini wetland model shows high removal 
performance of 81.42 % BOD, 84.57 % COD, 39.83 % AN, 54.70 % SS, and 45.01 % turbidity. Generally, the results 
show that the constructed mini wetland was effective to remove contaminants and suitable for treatment of greywater 
sources. In view of future application, further explorations should consider other aquatic plants and disinfection system to 
achieve more efficient treatment. 
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1. Introduction 
Greywater discharge in many developing countries is a major concern due to eutrophication of freshwater 
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bodies. As individual household in developing like India and Jordan discharge greywater into soil and water 
bodies untreated, probably contaminates the water bodies with nitrates, microbes and heavy metals [1], [2]. 
To evade this problem an alternative water resource plan is advocated, amid these impending alternative 
sources of supply is greywater [3]. Wastewater from a household is divided into greywater and blackwater 
components. Greywater is wastewater drained from showers, bathtubs, washing machines, and kitchen sinks 
not used for the disposal of hazardous or toxic ingredients not black water [4]. Household greywater from the 
kitchen can contain food contaminants, heavy loads of organic material, fats and caustic additives, if treated 
appropriately can be considered beneficial source of irrigation water in a yard, toilet flushing, washing 
machines and other outdoor uses [5], [6].  
In order to ensure safety use, there is need for quality treated greywater to meet certain limits. In some 
countries there exist quality safety plan, as progress and realization of alternative system of supply is 
emerging. Environmental Engineering Research Institute in India come up with a plan about greywater 
systems in which treated greywater must achieve. As it gives comprehensive management of the greywater 
system, its risk point from tap to toilet and recommend on alternative system based on quantitative microbial 
risk assessment. Therefore, water safety plans have four main steps. First, thorough description of greywater 
system developed. Identify the main hazards in the system such as heavy metals due to their toxicity. 
Detailing of who, what, how and where hazards will be observed and as well suggest corrective action or 
maintenance. Finally, monitoring and maintenance that is limits for physio-chemical monitoring and 
maintenance of greywater system [7]. 
Today, a wide range of greywater treatment technologies have been investigated to restore and maintain 
the physical, chemical and biological integrity of greywater pollution. Various forms of treatment systems 
such as ponds, a membrane bioreactor, land treatment and wetland system were studied [8]. One of the most 
promising ways is to encourage future development and large scale integration of greywater reuse in urban 
and village dwellings. Previous studies carried out in this field; there is significant need for simple and easy to 
maintain system with a low cost of construction and maintenance. In conventional system power is an 
important issue; cost of maintenance is also a concern in countries such as India. The cost of wetland system 
is less, because water flows naturally from beginning to the end of the system, less cost of construction and 
maintenance, easy operation and hence no skilled personnel is required [2]. 
Wetlands commonly used sand, gravel media and aquatic plants mainly for the purpose of pollutant 
reduction from greywater. Moreover, wetlands have definite ability to take up and retain nutrients, particulate 
matter and other pollutants being discharge from greywater with the plants root. However, most research 
carried out explore the use of different aquatic plant like hyacinths or duckweed but little data on Lepironia 
Articulata for  greywater treatment using constructed wetland [9]. Therefore, in the present study the 
reduction efficiency of pollutants using Lepironia Articulata in greywater were determined. 
The main objectives of this study is to characterize the greywater collected and assess the loadings using 
the potential of filter media and the mini constructed wetland treatment system to reduce the pollutants. The 
overall aim is to evaluate the efficiency of the mini constructed wetland in treating small-scale greywater. 
This study intend to ascertain the potential for treated greywater to reduce pollutant load for irrigation and 
other non-portable uses, which can represent a significant reduction of portable water consumption in 
buildings, gaining environmental benefit, economic benefits and water saving can be promoted. 
2. Materials and Method 
2.1. Household Activity Survey 
Based on survey, there were six people in the case study and all people were female. The average age was 
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20 to 30 years. The house comprises three bedrooms, two bathrooms, a living room and kitchen. The analysis 
also showed that everyone regularly cook in the morning and night. Meanwhile, occupants used the bathroom 
twice a day and used the washing machine for two times a week. 
2.2. Treatment System 
Greywater system consisting of three high density polyethylene (HDPE) plastic containers connected 
together with polyvinyl chloride (PVC) pipes was developed (Figure 1). The flow within the system was 
through gravity. Firstly, pretreatment took place in a 20 liter cylindrical container, where food particles and 
other suspended solids (hair and Lint) were filtered through a media of gravel (diameter ˂ 25mm), charcoal, 
fine sand (diameter 0.2mm) and a final layer diameter < 15mm of gravel accordingly. Filtered greywater then 
passes from the pretreatment container through a pipe in to the second and third HDPE containers. The 
dimension of each container was 34x18x14cm as mini wetlands. In the second container, fine sand (diameter 
< 0.2mm) and gravel layer (diameter < 15mm) were used and a Tube Sedge Lepironia Articulata was planted 
at the top soil as biological treatment. The greywater passes through the wetland slowly and cleaner water 
exits the system through hole openings at the bottom of the container. The sample was collected in a 20 liter 
black insulated container and were immediately transported to environmental engineering laboratory for 
testing [10]. The third container had a media of sand and gravel as the second container, where it serves as a 
control model for the treatment. 
The collected samples contain large particles like hair and food particles which were filtered with gravel, 
charcoal medium which was characterize by reduction of biochemical oxygen demand (BOD), absorption of 
colour, heavy metals and sand filters were also used in reduction of organic pollutants. Samples were 
collected in the morning and night at 10:00am and 9:00pm for four days respectively. Greywater 
characteristics parameters such as BOD, chemical oxygen demand (COD), suspended solids (SS), ammonia 
nitrogen (AN) and Turbidity were determined from wetland effluent. These samples were analyzed using 
standard method for water and waste water analysis [11]. 
 
 
Fig. 1. Schematic diagram of the mini constructed wetland treatment  
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3. Result and Discussion 
3.1. Water Consumption Survey 
The survey for water consumption was divided into three parts which involved bathroom, washing 
machine and kitchen. From Table 1, water consumption was 37,000 m3/day for bathroom, 136,500 m3/day for 
washing machines and 5,000 m3/day for cooking. The overall result as in Figure 2 shows the high volume of 
greywater generated by washing machine at 76%, 21 % of bathroom and 3 % of kitchen. Similarly, according 
to [12] shows the 51 % of washing machine, 25 % of bathroom and 15 % of kitchen. From result shows the 
maximum of greywater used was washing machine because the regular occupants used washing machine 
twice per week for every person. 
Table 1. Water consumption in the case study 
Household activities Quantity of greywater (m³/day) 
Kitchen 5000 
Bathroom 37000 
Washing machine  136500 
 
 
Fig. 2. Removal percentage (%) of greywater produced from household activities 
3.2. Greywater Loading 
Greywater loading was important to know the volume of greywater produced from household activities. 
Table 2 shows the greywater loading discharged from the house. The method used was bucket method. The 
greywater loading flow rate (Q) was 5.012 x 10-5 m3/s, wetland volume (V) was 8.568 x 10-3 m3 and hydraulic 
retention time (HRT) was 4 min. 
Table 2. Analysis result of greywater loading before treatment 
No. Volume water (m3) Time (s) Flowrate x 10-5 (m3/s) 
1 0.021 419 5.012 
2 0.014 279 5.018 
3 0.010 627 1.595 
3.3. Preliminary Study of Raw Greywater 
Preliminary result was conducted before treatment installation to assess the strength of pollutant in 
greywater and how to select dominant pollutants. Four samples were taken on 05/03/2013 and 17/03/2012. 
The parameters analyzed were BOD, COD, SS, AN, and Turbidity. Table 3 shows the preliminary result of 
mix greywater in the morning (10.00 a.m) and night (9.00 p.m). The result presented in Table 4 shows the 
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highest value 309 mg/L of BOD, 1103 mg/L of COD, 153 mg/L of SS, 3.83 mg/L of AN, and 132 NTU of 
turbidity. 
 
Table 3. Preliminary result of raw greywater at the morning and night 
Sampling date Time/parameters BOD 
(mg/L) 
COD 
(mg/L) 
SS (mg/L) AN (mg/L 
NH3-N) 
Turbidity 
(NTU) 
05/03/2013 10.00 a.m 271 807 153 3.83 132 
9.00 p.m 60 705 78 1.72 67.9 
17/03/2013 10.00 a.m 309 1103 54 2.6 35.1 
9.00 p.m 167 469 83 1.24 52.2 
3.4. Efficiency of the Mini Wetland Treatment 
Wetlands absorb nutrients from pollutants discharged through its plant roots to disinfect the Greywater. 
Treated greywater received from filtration and on-site mini wetland (Single household) analyze for pollutant 
reduction efficiency. As presented in Figure 3 and 4, the highest reduction of pollutants after treatment was 
BOD (81.42%) and COD (84.57%). It signifies that the treatment system was capable to reduce the solid 
fraction of BOD. Thus, the remaining part after treatment is probably soluble. Therefore, the reduction of 
organic matter through this treated system is significant. Although, the treatment system affects COD the 
most. This result is in accordance with [13, 14] that concludes the reduction efficiency was satisfactorily. 
Organic constituents decompose for plant growth. The minerals in turn is converted into protein, as it has the 
ability to remove organic materials due to its ability to use organic compounds and uptake them as 
carbohydrate and different amino acids. 
 
 
Fig. 3. Concentration of BOD removal percentage between 
morning and night samplings 
 
Fig. 4.Concentration of COD removal percentage between 
morning and night samplings 
 
The overall percentage of SS reduction reached 54.7% as shown in Figure 5. These results show some in-
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efficiency in the system. As suspended solid are mainly achieved by physical sedimentation [12]. The result 
of AN indicated 39.83% reduction efficiency as represented in Figure 6. AN reduction in this study was low. 
This is probably due to short time upon treatment, while removal time required for AN in previous study was 
longer (8 days) [15]. Figure 7 showed 45.01% reduction of turbidity. The outcome from the process indicates 
in-sufficiency to provide acceptable removal efficiency. A study made by [4] on colour removal suggests 
further degradation as the result might be better. 
 
 
Fig. 5. Concentration of SS removal percentage between morning 
and night samplings 
 
Fig. 6. Concentration of AN removal percentage between morning 
and night samplings 
 
Fig. 7. Concentration of turbidity removal percentage between morning and night samplings 
4. Conclusion 
The greywater loading flow rate (Q) was 5.012 x 10-5 m3/s, wetland volume (V) was 8.568 x 10-3 m3 and 
hydraulic retention time (HRT) was 4 min. The concentrations of parameters in the influence of raw 
greywater were 309 mg/L of BOD, 1103 mg/L of COD, 153 mg/L of SS, 3.83 mg/L of AN, and 132 NTU of 
turbidity. Meanwhile, the concentrations removal performance of parameters in the effluent of constructing a 
mini wetland was 81.42 % of BOD, 84.57 % of COD, 39.83 % of AN, 54.70 % of SS, and 45.01 % of 
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turbidity. The collective results lead to the conclusion that this filter media and constructed wetland could be 
feasible for greywater treatment. The constructed mini wetland system seems to be available alternative for 
reducing the organic matter content from bathroom, washing machine and kitchen greywater from individual 
house. Further studies will focus on nutrients removal, heavy metals and application of microalgae to treat 
greywater. 
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